Background: Point-of-care blood tests are becoming increasingly available and could replace current venipuncture and laboratory testing for many commonly used tests. However, at present very few have been implemented in most primary care settings. Understanding the attitudes of primary care clinicians towards these tests may help to identify the barriers and facilitators to their wider adoption. We aimed to systematically review qualitative studies of primary care clinicians' attitudes to point-of-care blood tests. Methods: We systematically searched Medline, Embase, ISI Web of Knowledge, PsycINFO and CINAHL for qualitative studies of primary care clinicians' attitudes towards point-of-care blood tests in high income countries. We conducted a thematic synthesis of included studies. Results: Our search identified seven studies, including around two hundred participants from Europe and Australia. The synthesis generated three main themes: the impact of point-of-care testing on decision-making, diagnosis and treatment; impact on clinical practice more broadly; and impact on patient-clinician relationships and perceived patient experience. Primary care clinicians believed point-of-care testing improved diagnostic certainty, targeting of treatment, self-management of chronic conditions, and clinician-patient communication and relationships. There were concerns about test accuracy, over-reliance on tests, undermining of clinical skills, cost, and limited usefulness. Conclusions: We identified several perceived benefits and barriers regarding point-of-care tests in primary care. These imply that if point-of-care tests are to become more widely adopted, primary care clinicians require evidence of their accuracy, rigorous testing of the impact of introduction on patient pathways and clinical practice, and consideration of test funding.
Background
Point-of-care tests (POCTs, also known as near-patient tests) have been used for many years, for example blood glucose and urine testing; yet recently there has been an explosion in the development of these technologies [1, 2] . POCTs are usually delivered during a clinical visit; the results are available quickly without the need to send samples to a laboratory. In primary care this could offer alternatives to traditional laboratory testing, with the potential to maintain or improve patient convenience, satisfaction and health outcomes whilst saving time and costs [3] [4] [5] [6] [7] . However there are also potential disadvantages including time needed to use them, inaccurate tests, and inappropriate testing [5, 8] .
Despite their availability and potential to improve patient care, POCTs have not been widely adopted in primary care in most countries. Exploring why this is the case requires (among other things) a clearer understanding of the attitudes of primary care clinicians to the use of these tests, including any concerns they may have. We aimed to gain an understanding of primary care clinicians' attitudes towards POCTs by conducting a systematic review. This paper reports the results of that systematic review and synthesis of qualitative studies.
Methods

Literature search and study selection
We conducted a systematic search for primary qualitative research articles exploring attitudes of any type of primary care clinicians towards POCTs. We defined POCTs as any test where the results are available during a clinical visit, without the need to send sample to a laboratory. We included only studies on POCTs involving blood (excluding other types of sample such as urine or throat swabs) because these could replace venipuncture and laboratory testing, and have the biggest potential to change practice; and attitudes towards them may differ to attitudes towards other types of POCT. We limited our search to primary care and high income country settings (defined by the Organisation for Economic Cooperation and Development) -excluding studies in emergency department, hospital or low or middle income country settings -since attitudes may be specific to different contexts. We included only studies which used qualitative data and analyses, because qualitative data enables indepth understanding of the range of attitudes of participants from their perspectives. Studies where qualitative data and analyses were embedded within larger mixed methods studies were included only if we could extract the qualitative data. Where studies reported attitudes of secondary care clinicians or patients in addition to primary care clinicians, we extracted and synthesized data relating to primary care clinicians only.
We searched Medline (1948-present), Embase (1974-present), ISI Web of Knowledge (1945-present) , PsycINFO (1967-present) and CINAHL (1980-present) from database start date to February 2013. The search was developed through an iterative process combining search terms that best describe our search criteria, including free-text terms and subject headings to reflect the following concepts: 'point of care test' and 'primary care'. Validated search filters were adapted to focus the search to qualitative research papers (for example Wong et al. for Medline [9] ). In addition we scanned reference lists of included studies. The search strategy included a search for previously conducted reviews in order to identify primary studies from any relevant previous reviews [10] (see Additional file 1 A for Medline search strategy).
Two authors (CJ, JH) independently assessed the studies for eligibility. Titles were independently screened by both authors and those that were obviously not relevant were excluded. Both authors independently examined the full text of all remaining studies, and those that did not meet the inclusion criteria were excluded. Discrepancies regarding inclusion were resolved by discussion with a third reviewer (MT) until agreement was reached.
Data synthesis
Systematic review of qualitative evidence has become popular in recent years [11] . There are a number of methods for synthesizing findings from qualitative studies [12] : we conducted thematic synthesis, which is able to integrate the findings of multiple qualitative studies and generate new concepts and hypotheses [13, 14] .
Two authors (CJ, JH) independently extracted data on study characteristics and context from included studies using a standardized data extraction sheet. We also independently extracted the study results/findings, including the primary data reported in studies (participant responses) as well as authors' summaries and interpretations. After familiarizing ourselves with the findings of individual studies we developed codes, and assigned sections of findings to these codes. Codes were then grouped into descriptive themes. Codes and themes were not determined a priori but were driven by the data. From the descriptive themes we generated analytical themes reflecting new insights going beyond the findings of the included studies [14] . Themes were discussed amongst all authors and consensus reached. We reflected critically on how our own backgrounds and assumptions impacted our interpretation of the data, and compared the results of our synthesis with the conclusions of individual studies to verify our findings.
The same authors (CJ, JH) appraised study quality using a checklist based on the criteria described by Kuper and colleagues [15] . The checklist included items on whether the sample, data and analysis were appropriate; the results can be transferred across settings; ethical issues were adequately addressed; and it is clear what the researchers did. We took account of study quality when interpreting the findings, by being more cautious when interpreting the results of low quality studies and highlighting possible limitations.
Results
Search results
The search revealed 472 potentially eligible studies. After title screening, 429 were excluded, and a further 36 were excluded after assessing the full text (see Figure 1) .
Characteristics of included studies
We included seven studies [16] [17] [18] [19] [20] [21] [22] with a total of around 200 participants (see Table 1 ). They took place in Europe (n = 6) and Australia (n = 1). One was published in 1997, and the remainder were published between 2007 and 2011. All used semi-structured interviews to gather data; two also used focus groups. The 1997 study referred to blood POCTs using samples obtained by venipuncture and analysed onsite in the health centre [19] ; the others referred to finger-prick blood tests. All examined attitudes of general practitioners (GPs); two also examined attitudes of nurses.
Two studies used data obtained from interviews with GPs participating in the same randomised trial [17, 18] . Each had 20 participants, 10 of whom overlapped between the two studies. Since both had 10 different participants, and the focus of analyses were different, we included both in our synthesis.
The type of test included in each study is shown in Table 1 . Four studies examined attitudes towards Creactive protein (CRP) POCTs or hypothetical tests which could similarly distinguish between viral and bacterial infections [16] [17] [18] 22] : we refer to these as diagnostic. Two examined POCTs for monitoring chronic illness (patients with diabetes [21] and those taking warfarin [20] ): we refer to these as monitoring. One examined attitudes towards a range of POCTs [19] . We looked for similarities and differences in attitudes towards diagnostic and monitoring POCTs.
Studies varied according to whether participants had experience using POCTs, were being asked about a test of which they had no experience, or contained a combination of those with and without experience ( Table 1) . Three studies including participants with experience were conducted in the context of a randomised trial in which a test was introduced as an intervention to all [17, 21] or some [18] participants, and one included GPs from a health centre where POCTs were being piloted [19] . Another included GPs from Norway, where CRP POCTs are routinely used, and from eight other European countries where they are not [22] . We looked at similarities and differences in attitudes between clinicians with different levels of experience.
Five of the included studies were of good quality (see Table 2 ) [16] [17] [18] 21, 22] . Study samples, data collection and analyses were appropriate and they were clearly described. Another study lacked some details about the sample (for example how many of the participants were GPs and nurses, and whether they had any experience at all of using POCTs), and the sample size was small (only one focus group for each group of clinicians); but the methods of data collection and analysis were appropriate [20] . We considered these studies to be relatively equally rigorous and trustworthy and treated them equally in the synthesis. One other study was poorly described [19] : it lacked details including the number of participants; the design, duration and timing of the interviews and focus group; how the data were analysed and by whom; and whether the results include verbatim quotes or not. Therefore it is not possible to assess how rigorous and trustworthy the study is. Therefore, this study did not contribute as much to the synthesis. Additionally of note when interpreting the results of this study, the nature of the POCT in this study differed from the others in our synthesis because it used blood obtained by venipuncture rather than finger-prick blood samples.
Amongst all studies there was a lack of discussion about the impact of researchers' characteristics and perspectives, and their relationships with participants. This absence of reflexivity limits our ability to assess the influence of the researchers on the data and interpretations.
Through the synthesis we identified descriptive themes regarding positive and negative attitudes of primary care clinicians towards blood POCTs. From these, we developed three analytical themes which are discussed below. Within each of these themes there are issues which may act as facilitators and barriers to widespread adoption of POCTs in primary care: Table 3 summarises the barriers and facilitators to POCT use within each theme.
1) Impact of POCTs on decision-making, diagnosis and treatment
Many attitudes were related to how POCTs might enhance immediate diagnosis and treatment. Diagnostic POCTs were viewed as helpful for improving diagnostic certainty and confidence in clinical decisions; [16] [17] [18] 22] particularly for ruling out serious infections [17] .
POCTs were perceived to enable more effective targeting of treatment. Particularly, tests which could distinguish viral from bacterial infections were considered helpful and could aid decision-making regarding antibiotic prescription: [16] [17] [18] 22] . "It also helps you to be a bit more careful in prescribing antibiotics, that's true. It makes you more aware that you may be using them too often" (GP [17] ). This was a belief of GPs who had both used [17, 22] and not used diagnostic POCTs [16, 18, 22] .
A primary concern was the analytical accuracy of POCTs [16, 19, 20, 22] : "the results they give are not accurate enough" (Primary Care Clinician [22] ), which might lead clinicians to miss serious infections [22] . Clinicians did not feel 'convinced' or confident about their performance [16, 20] : "we've had no research presented to us" (Nurse [20] ). In one study GPs raised concerns that they would be liable medico-legally for any problems arising from inaccurate results [19] (note this study was poorly described and it is not possible to assess its rigour). Although POCTs were perceived on the whole to enhance patient care (if tests were accurate), exceptions were noted. A small number of individuals believed that it was not important or always helpful to distinguish bacterial from viral infections, [16] that monitoring POCTs did not influence the outcome of a consultation, [21] or questioned the added diagnostic value [22] . Diagnostic POCTs would not be helpful when serious complications arise from viral illnesses [16] ; and misleading results due to CRP not being raised in the early stages of illness, or due to false results, could lead to inappropriate diagnosis and treatment: "I see the disadvantage that a mistake or false results can come out as a result. So for instance there is a positive result…. But a different and hidden problem can be the cause" (Primary Care Clinician [22] ). Usefulness of monitoring POCTs performed by nurses varied "according to the nurse's level of responsibility for making management changes and the availability of a doctor during nurseled clinics" (authors [21] ). GPs in one study actually felt waiting for results from laboratory testing was advantageous because it gave them time to "defer decisionmaking while awaiting results, thereby 'allowing nature to take its course'" (authors [19] ) (note that this study was poorly described and trustworthiness of findings cannot be assessed).
2) Impact of POCTs on clinical practice more broadly
Further to the direct impact on diagnosis and treatment, POCTs were thought to have a wider-reaching impact. The immediacy of diagnostic POCT results could reduce reconsultations or phone calls regarding the same episode of acute illness [17, 22] . Some GPs believed that consultations for future illnesses may also be reduced: "If you don't treat a patient with antibiotics [after CRP testing] and the complaints resolve spontaneously, I think that patients will tend [17] ). Advantages of monitoring POCTs in terms of future consultations were "avoidance of missing or delayed results and occasional loss of patients to follow-up" (authors [21] ).
Immediacy of results could enhance clinicians' confidence and job satisfaction when using monitoring POCTs: "My confidence has actually grown in discussing the result with them… I feel it's sort of added and rounded off the consultation" (Nurse [21] ).
There were some concerns that clinical practice could be negatively affected. Clinicians worried about potential over-reliance on diagnostic POCTs, [17, 22] undermining of clinical expertise, and over-testing: "Perhaps it's being used a bit too often. I think you need to be careful about that" (GP [17] ); "The disadvantage is that doctors may rely more on test results than on clinical judgement" (Primary Care Clinician [22] ); "There's a risk that you let the test determine your management. In the end, what matters is the person who's sitting there and what you hear and what you find on physical examination" (GP [17] ).
Clinicians also expressed concerns that POCTs could only be used intermittently and in certain situations and patients [16, 18, 20] : "for example, in situations where they were unsure of the aetiological cause on the basis of the clinical presentation, or in a situation of deadlock with a patient who definitely wanted antibiotics" (authors [16] ).
Concerns regarding feasibility included cost, [16, 19, 21, 22 ] maintenance of equipment, [16] quality control, [19] time [16, 17, 22] and organisational issues (for example interference in nurse activities) [17] . More positively, POCT devices were described as user-friendly, [17, 21] and in some cases as having "very little influence on their [GPs'] workload" (authors [17] ).
3) Impact of POCTs on the patient-clinician relationship and perceived patient experience
Participants felt that being able to discuss results of monitoring POCTs with patients immediately was beneficial for patient-clinician communication, and determining the most appropriate treatment plan [21] : "you can instigate changes in treatment there and then and discuss it with the patient" (Nurse [21] ). POCTs could therefore enhance patient education and self-management of chronic conditions [20, 21] : "It'd be great for patient advocacy and empowering them to take some responsibility for their own health care" (Nurse [20] ).
Regarding diagnostic POCTs, it was believed that patients would be convinced, reassured and more satisfied in their GP's decisions if POCTs had been used, compared to if they had received no test [16] [17] [18] 22] : "then you can justify what you are saying to the patient. Because nowadays, patients want the evidence as well" (GP [16] ). In particular, a test result confirming a GP's decision not to prescribe antibiotics would help them to "sell" this decision to patients [16] and manage patient expectations for antibiotics, [22] leading to shared decisions with patients [18] . This was perceived by GPs to help preserve a trusting doctor-patient relationship [17] . GPs with different levels of experience of using diagnostic POCTs had similar perceptions that they would help to reassure patients and lead to more effective targeted treatment without alienating or upsetting patients [16, 18, 22] . GPs in one described that the POCT service "boosted the practice's image" [19] (note that this study is poorly described and rigour cannot be assessed).
Although it was widely believed that patients would like to have POCTs available, concerns that patients may not like testing were mentioned by a minority of participants, [16, 17, 22] with children mentioned in particular [16] . Furthermore, some GPs were worried about difficulty interpreting and explaining diagnostic test results, [22] particularly intermediate results [17] which could increase uncertainty in patients: "the patient may think that their blood was not entirely OK, so that may make them insecure and worried" (GP [17] ). With regards to interpreting test results, "a solid training session was highly valued" (authors [17] ).
Discussion
Main findings
Despite considerable heterogeneity regarding the specific tests involved and their purpose (primarily diagnosis or monitoring), we found commonalities in primary care clinicians' attitudes towards POCTs. Overall, these tests were believed to increase diagnostic certainty, help target treatment, educate and empower patients, and improve the relationship between clinicians and patients by enhancing communication and shared decision-making. A major concern was the need for accurate tests. Clinicians were also concerned about cost, over-reliance -in that POCTs could undermine clinical skills -and limited usefulness. Table 3 summarizes these issues and highlights how they may act as facilitators and barriers to widespread adoption of POCTs in primary care.
The number of included studies was small, and there was heterogeneity regarding the type of test, its purpose, the type of primary care clinicians participating, and whether or not they had practical experience of using POCTs. This may limit generalizability of our results to other tests and settings. However, we identified commonalities; and clinicians with experience of using POCTs routinely (Norwegian GPs [20] ) described similar benefits and concerns to those who had experience of using them only in the context of a trial, and those who had not used them. We have highlighted which attitudes were specific to only diagnostic or monitoring POCTs; for example more effective targeting of antibiotics with diagnostic POCTs, and enhanced patient self-management with monitoring POCTs. Each of the three main themes applied to both diagnostic and monitoring POCTs.
Some of these issues are not unique to POCTs, but also apply to laboratory testing in general; for example concerns that misleading results could lead to inappropriate diagnosis and treatment, and that testing is only useful in certain circumstances. However, the majority apply to POCTs specifically due to speed of obtaining (and having to interpret) test results having an immediate impact, for example by improving diagnostic decision-making and communication with patients.
Despite the wealth of POCTs available there has not been widespread adoption of POCTs in primary care to date, at least in most countries. In addition to the barriers to POCT use identified here, other reasons for lack of widespread use may include lack of needs assessments of primary healthcare clinicians, resulting in discordance between the tests that they want/would use frequently, and those that are produced. Furthermore, multiple steps are needed between the development of new diagnostic tests and their adoption into clinical practice: tests can reach the market with limited evaluation of clinical utility or cost-effectiveness in primary care populations [23] . For example, evaluation of readily available POCTs has been inconclusive regarding cost-effectiveness compared to standard laboratory testing, [24, 25] and uncertain regarding their clear role in primary care [24] .
Comparison with existing literature
A quantitative study of patient satisfaction with POCTs in general practice similarly highlighted strengthened relationships between patients and GPs, and motivation of patients to better manage chronic conditions [26] . GPs in another survey study supported the use of POCTs in general practice due to improved convenience, patient care and efficiency [27] . Also in keeping with our findings, Hobbs [28] concluded that there are "clinical niches" where POCTs are most likely to influence practice, and that these must be found in order that their potential is realised; and GPs' use of CRP POCTs was found to significantly reduce antibiotic prescribing [6] .
Strengths and limitations
This is the first systematic review, to our knowledge, to explore primary care clinicians' attitudes towards a rapidly growing technological area in primary care, namely blood POCTs. We used a comprehensive search strategy, and by synthesising qualitative rather than quantitative studies we were able to gain an in-depth understanding of clinicians' perspectives. We limited our review to blood POCTs in primary care, high income country settings. Future research could compare attitudes amongst countries which have different primary care health systems; also the attitudes of other frontline clinicians such as paramedics or emergency department staff. We focused on blood tests; further research is needed to confirm whether the issues raised here apply to other types of POCTs (for example urine tests, respiratory samples).
Thematic synthesis is dependent on the quality of included studies, the themes and participant quotes which authors of these studies choose to present, and the interpretations of the reviewers. One of the included studies was poorly described and it was not possible to assess its rigour. Consequently we were cautious in interpreting its findings. Additionally it was relatively old (published 10 years before the next oldest study), and the POCTs used blood obtained by venipuncture rather than fingerprick blood samples, meaning that the findings might be out of date for current POCT practices. We minimised bias in selectivity and interpretation of synthesis results by having two authors independently extract and explore themes in the data, and discussing themes between all authors to reach consensus. We found broad agreement between our descriptive themes and the conclusions of individual studies. None of us were involved in the included studies in any way. The main reviewers (CJ, JH) are not clinicians and did not have experience or preconceived opinions regarding POCTs, which strengthened our approach. To counter the risk that participants' quotes were interpreted differently from how they were intended, other authors who are primary care clinicians (MT, CH) verified the themes and interpretations. All of the authors are involved in identifying and evaluating emerging diagnostic technologies. We are interested in the potential for them to positively impact primary care, and it is possible that we hold underlying positive attitudes towards the implementation of POCTs. However, we were careful to identify negative as well as positive attitudes towards POCTs, and we have reported these thoroughly.
There is a risk of publication bias, in that studies demonstrating negative attitudes or impacts of POCTs may be less likely to be published. In three of the included studies, manufacturers loaned or provided equipment, [17, 18, 21] although the authors state that the manufacturers had no role in the study or preparing of the manuscript. Despite the risk of bias, we identified a balance of barriers and facilitators to the widespread use of POCTs.
Conclusions
A multitude of POCTs are on the market and new ones are constantly being developed. These are of interest to primary healthcare clinicians who face growing pressures to perform more tests, more rapidly, reducing referrals and risk of diagnostic errors [23] . The findings of this review confirm that from the perspectives of primary care clinicians, likely benefits of introducing POCTs include increased diagnostic certainty, more efficient care, and fewer (re)consultations.
This review has also highlighted several clear barriers to the implementation of POCTs. If they are to be implemented more widely, these barriers must be addressed, some by primary care and others elsewhere. The accuracy of POCTs in primary care populations, and the way this is presented to clinicians, must be addressed by industry. Policy makers and clinicians should carefully consider the role and impact of POCTs in primary care; in particular, attention should be paid to impacts on GPs' roles so that clinical expertise is enhanced rather than undermined. Furthermore, it is essential to define more clearly the different situations and patients in which POCTs are useful. In the context of reductions in health service funding, and importance of primary care commissioning, attention must be paid to how the costs of POCTs will be funded.
This review highlights that exploring the attitudes of primary care clinicians is integral to understanding if and how POCTs may become adopted more widely. It is possible that emphasizing the benefits and addressing the concerns highlighted in this review may lead to wider adoption of POCTs in primary care.
